ABSTRACT Background: Dietary fats could affect glucose metabolism and obesity development and, thereby, may have a crucial role in the cause of type 2 diabetes (T2D). Studies indicated that replacing saturated with unsaturated fats might be favorable, and plant foods might be a better choice than animal foods. Nevertheless, epidemiologic studies suggested that dairy foods are protective. Objective: We hypothesized that, by examining dietary fat and its food sources classified according to fat type and fat content, some clarification regarding the role of dietary fat in T2D incidence could be provided. Design: A total of 26,930 individuals (61% women), aged 45-74 y, from the Malmö Diet and Cancer cohort were included in the study. Dietary data were collected by using a modified diet-history method. During 14 y of follow-up, 2860 incident T2D cases were identified. Results: Total intake of high-fat dairy products (regular-fat alternatives) was inversely associated with incident T2D (HR for highest compared with lowest quintiles: 0.77; 95% CI: 0.68, 0.87; P-trend , 0.001). Most robust inverse associations were seen for intakes of cream and high-fat fermented milk (P-trend , 0.01) and for cheese in women (P-trend = 0.02). High intake of low-fat dairy products was associated with increased risk, but this association disappeared when low-and high-fat dairy were mutually adjusted (P-trend = 0.18). Intakes of both high-fat meat (P-trend = 0.04) and low-fat meat (P-trend , 0.001) were associated with increased risk. Finally, we did not observe significant association between total dietary fat content and T2D (P-trend = 0.24), but intakes of saturated fatty acids with 4-10 carbons, lauric acid (12:0), and myristic acid (14:0) were associated with decreased risk (P-trend , 0.01). Conclusions: Decreased T2D risk at high intake of high-but not of low-fat dairy products suggests that dairy fat partly could have contributed to previously observed protective associations between dairy intake and T2D. Meat intake was associated with increased risk independently of the fat content.
INTRODUCTION
The worldwide adaption of westernized energy-rich diets is considered an important contributor to the increasing prevalence of obesity and type 2 diabetes (T2D). 5 These diets tend to be high in animal foods and low in unrefined plant foods, which generally result in high intakes of fat, SFAs, linoleic acid (LA; 18:2n-6), and protein but lower in dietary fiber and several micronutrients. Because fat is energy dense, and fatty acids affect glucose metabolism, fat intake may have a crucial role in the development of T2D. Potential effects on gene expression, cell membrane function, lipid metabolism, and gut microbiota may also explain associations with T2D (1) (2) (3) (4) . Evidence from randomized lifestyle interventions indicated that reduced intakes of total and saturated fats, in combination with increased fiber intake and physical activity, prevent the development of T2D in individuals with impaired glucose tolerance (5, 6) . However, associations between dietary fat and T2D from epidemiologic studies have been inconsistent (7) , and the importance of dietary fat content and food sources of fat with regard to risk of T2D remains to be clarified.
The replacement of dietary intakes of SFAs with PUFAs may, via various mechanisms, lead to improved insulin sensitivity (8) , and epidemiologic studies have indicated that the replacement of foods high in SFAs with food sources of MUFAs and PUFAs could be favorable in the prevention of diabetes development (8) . In addition, high blood concentrations of LA may counteract the development of hyperglycemia and T2D (9) . In line with those findings, plant sources of fat were suggested to be a better choice than animal sources (10) . Indeed, high intakes of red meat and meat products show positive associations with risk of T2D (11) . Nevertheless, several epidemiologic studies indicated that high intake of dairy products may be protective (12) . Effects of different dairy products or dairy components, including possible beneficial effects of yogurt, cheese, and specific fatty acids, were proposed to lie behind these observations (13) (14) (15) . In addition, intake of fatty fish (16) as well as intakes and blood concentrations of total n-3 PUFAs (17), a-linolenic acid (18) , and longchain fish n-3 PUFA from foods (19) were, in some studies, inversely associated with T2D risk, whereas results from other studies did not indicate that fatty fish or n-3 PUFA have an important protective role in the cause of T2D (8, 18, 20) .
In this population-based prospective study of men and women from the MDC (Malmö Diet and Cancer) cohort, we examined if dietary fat intake and, in particular, different types of fatty acids and food sources of fat classified according to fat type and fat content were associated with incidence of T2D.
METHODS

Study population and data collection
The MDC study is a population-based prospective cohort study in Malmö, which is a city in the south of Sweden. Baseline examinations were conducted between 1991 and 1996. All women born between 1923 and 1950 and all men born between 1923 and 1945 who were living in the city of Malmö were invited to participate (n = 74,138). Details of the cohort and the recruitment procedures are described elsewhere (21) . The only exclusion criteria were mental incapacity and inadequate Swedish language skills (eligible persons: n = 68,905). Participants filled out questionnaires that covered socioeconomic, lifestyle, and dietary factors, recorded meals, and underwent a diet-history interview. Anthropometric measures were conducted by nurses. Weight was measured by using a balance-beam scale with subjects wearing light clothing and no shoes. Standing height was measured by using a fixed stadiometer calibrated in centimeters. Waist circumference was measured midway between the lowest rib margin and iliac crest. Body composition was estimated by using a bioelectrical impedance analyzer (BIA 103,single-frequency analyzer; RJL Systems). The percentage of body fat was calculated by using an algorithm provided by the manufacturer. During the screening period, 28,098 participants (40% of eligible persons) completed all baseline examinations. Of nonparticipants, 49% did not reply to the invitation letter, 39% answered that they were not willing to take part, 7% died or moved before they had received an invitation, and 5% failed to complete all baseline examinations (21) . MDC participants have been compared with participants in a mailed health survey in Malmö with a higher participation rate (75%) with regard to subjective health, sociodemographic characteristics, and lifestyle (21) . In the current study, we included 26,930 participants without diabetes at baseline. We excluded 1168 participants on the basis of self-reported diabetes diagnosis, self-reported diabetes medication, or information from medical data registries that indicated a date of diagnosis preceding the baseline examination date. The ethical committee at Lund University approved the study (LU 51-90), and participants gave their written informed consent.
Dietary data
Dietary data were collected once during the baseline period. The MDC study used an interview-based modified diet-history method that combined 1) a 7-d menu book for the recording of intakes from meals that varied from day to day (usually lunch and dinner meals), cold beverages, and nutrient supplements and 2) a 168-item questionnaire for the assessment of consumption frequencies and portion sizes of regularly eaten foods that were not covered by the menu book. Finally, 3) a 45-min interview completed the dietary assessment. The MDC method has been described in detail elsewhere (22, 23) .
Diet analyses were adjusted for a variable called the diet-method version because slightly altered coding routines of dietary data were introduced in September 1994 to shorten the interview time (from 60 to 45 min). This adjustment resulted in 2 slightly different method versions (before or after September 1994) without any major influence on the ranking of individuals (23) .
The relative validity of the MDC method was evaluated in the Malmö Food study [1984] [1985] by comparing the method with 18-d weighed-food records (24, 25) . Pearson correlation coefficients, which were adjusted for total energy, between the reference method and MDC method were, in women and men, respectively, 0.69 and 0.64 for total fat, 0.68 and 0. 56 (24, 25) .
The mean daily intake of foods was calculated on the basis of the frequency and portion-size estimates from the questionnaire and menu book. Food intake was converted to energy and nutrient intakes by using the MDC nutrient database whereby the majority of the nutrient information comes from PC-KOST2-93 from the National Food Agency in Uppsala, Sweden. Nutrient intakes from supplements were calculated on the basis of supplement consumption recorded in the menu book. Supplement consumption was converted into nutrient intakes by using the MDC supplement database (26) . Dietary variables examined in this study are listed and described in Supplemental Table 1 . Examined nutrient intakes were the sum from foods and supplements. Main food sources of fat were identified in the MDC cohort (27) and primarily grouped according to fat type and fat content. Some less-important fat sources were also examined to facilitate the interpretation of results regarding high-fat alternatives of the same types of foods. Total intake of high-fat dairy products was defined as the sum of portions of butter; regular-fat alternatives ($2.5% fat) of milk, yogurt, and sour milk; cream (.12% fat); and regular-fat cheese (.20% fat). Portions (instead of grams) were used to analyze the sum of dairy products with different water contents and usually consumed in different weights (e.g., cheese and milk). Standard portion sizes from the MDC study or National Food Agency in Sweden were used (28) as follows: milk and yogurt (200 g/portion), cheese (20 g/portion), cream (25 g/portion), ice cream (75 g/portion), and butter (7 g/portion). Energy-adjusted dietary intakes were obtained by regressing intakes on nonalcohol energy intake. Quintiles of nutrient and food residuals were used as exposure categories. If .20% of the individuals were zero consumers, they constituted the lowest intake category, and the higher categories were defined as quartiles in consumers.
at new screenings or examinations during follow-up (10%). The mean 6 SD follow-up time was 14 6 3.9 y. Subjects contributed person-time from date of enrollment until date of diabetes diagnosis, death, migration from Sweden, or end of follow-up (December 2009), whichever occurred first. During follow-up, 0.5% of subjects had migrated from Sweden. If available, we used information on the date of diagnosis from 2 registries prioritized in the following order: 1) the regional Diabetes 2000 registry of Scania (29) and 2) the Swedish National Diabetes Registry (30) . These registries required a physician diagnosis according to established diagnosis criteria (fasting plasma glucose concentration $7.0 mmol/L or fasting whole blood concentration $6.1 mmol/L, measured at 2 different occasions). Individuals with at $2 glycated hemoglobin values .6.0% with the Swedish Mono-S standardization system (corresponding to 6.9% in the US National Glycohemoglobin Standardization Program and 52 mmol/mol with International Federation of Clinical Chemistry and Laboratory Medicine units) (31, 32) were categorized as diabetes cases in the Malmö HbA1c Registry. In addition, cases were identified via 4 registries from the National Board of Health and Welfare in Sweden as follows: the Swedish National Inpatient Registry, the Swedish Hospitalbased outpatient care, the Cause-of-death Registry, and the Swedish Prescribed Drug Registry.
Other variables
Information on age was obtained from the personal identification number. Age was divided into 5-y categories. BMI (in kg/m 2 ) was calculated from the direct measurement of weight and height. Leisure-time physical activity was assessed by asking participants to estimate the number of minutes per week they spent on 17 different activities. The duration was multiplied by an activity specific intensity coefficient, and an overall leisure-time physical activity score was created. The score was divided into sex-specific quintiles. The smoking status of participants was defined as current smokers (including irregular smokers), ex-smokers, and never smokers. The total consumption of alcohol was defined by a 4-category variable. Participants who reported zero consumption in the menu book and indicating no consumption of any type of alcohol during the previous year were categorized as zero reporters. Other category ranges were ,15 g alcohol/d for women and ,20 g/d for men (low), 15-30 g/d for women and 20-40 g/d for men (medium), and .30 g/d for women and .40 g/d for men (high). Participants were divided into 4 categories according to their highest level of education (#8, 9-10, or 11-13 y or university degree). Season was defined as the season of dietdata collection (winter, spring, summer, and fall). Dietary change in the past (yes or no) was based on the question "Have you substantially changed your eating habits because of illness or some other reasons?"
Statistical analysis
The SPSS statistical computer package (version 20.0; IBM Corp.) was used for all statistical analyses. All food variables were log transformed (e-log) to normalize the distribution before analysis. To handle log transformation for zero intakes, we added a very small amount (0.0001 g).
We examined baseline characteristics in cases and noncases of T2D and across intake quintiles of fat and its food sources by using the general linear model for continuous variables (adjusted for age and sex) and with the chi-square test for categorical variables. In a post hoc analysis, we used the general linear model to examine intakes of nondairy foods (meat, fish, potatoes, fruit, vegetables, cereal products, margarine, pastry, chocolate, and sugar-sweetened beverages) across intake quintiles of cream and high-fat fermented milk.
We used Cox proportional hazards regression model to estimate HRs of diabetes incidence associated with quintiles of dietary intakes adjusted for energy intake by using the residual method. The first quintile was used as the reference. Years of follow-up was used as the underlying time variable. We used covariates obtained from baseline examinations. The basic model included adjustments for age (continuous), sex (when applicable), method version, season (categorical), and total energy intake (continuous). Our full multivariate model further included adjustments for the following categorical variables: leisure-time physical activity, smoking, alcohol intake, and education, and, finally, BMI as a continuous variable. Because associations between dietary fat and T2D may partly be mediated via BMI, we also performed analyses with an intermediate multivariate model without the inclusion of BMI. Covariates were identified from the literature and indicated potential confounding in the MDC cohort because of associations with incident T2D and dietary intakes. Missing values for variables were treated as separate categories. Analyses with additional adjustments for waist circumference or dietary change in the past were also performed. Finally, additional adjustments were made for possible dietary confounders, which previously showed associations with T2D are found, in the examined foods or central in the same dietary pattern (intake quintiles of protein, fiber, sucrose, calcium, vitamin D, magnesium, meat, fruit and vegetables, sugar-sweetened beverages, or high-fat dairy products). We also performed all analyses for men and women separately. Tests for interactions between sex and nutrient and food intakes with regard to diabetes incidence were performed [sex 3 quintile of nutrients and foods (treated as continuous variables)]. Tests for interactions between BMI (#25 or .25) and dietary variables were also performed.
In a sensitivity analysis, we excluded individuals with a reported dietary change in the past (24% of the individuals). In a second sensitivity analysis, we excluded individuals with prevalent cardiovascular disease (coronary event or stroke) at baseline (3%). All statistical tests were 2 sided, and significance was assumed at P , 0.05.
RESULTS
Baseline characteristics
At baseline, several established risk factors for T2D, as well as potential confounders of dietary associations, differed between cases and noncases of incident T2D ( Table 1) . Cases were older and had higher BMI, a more sedentary lifestyle, lower alcohol intake, higher protein intake, and lower intakes of carbohydrates and dietary fiber. In addition, there were more individuals who reported a dietary change in the past, more ever smokers, and fewer individuals with a high level of education in cases. Baseline characteristics differed also between low and high consumers of several fat sources ( Table 2) . Subjects who reported a high total FOOD SOURCES OF FAT AND INCIDENT TYPE 2 DIABETES dietary fat content were younger and had lower BMI, but apart from these variables, they were characterized by a rather unhealthy lifestyle pattern; they had a more-sedentary lifestyle and higher alcohol intake, and there were also more ever smokers and fewer individuals with a high level of education in subjects who reported a high dietary fat content. Finally, fewer of these individuals reported a dietary change in the past. Except for the observation regarding education, a similar pattern was seen for individuals with a diet rich in high-fat dairy products.
Dietary content of total fat and fatty acids in relation to incidence of T2D
We did not observe any significant associations between the dietary content of total fat and incidence of T2D (P-trend = 0.24) ( Table 3 ). In the full multivariate analysis, we observed a significant inverse association between intake of SFA and T2D (P-trend = 0.01). However, the association disappeared after adjustment for intake of high-fat dairy products (P-trend = 0.61). Moreover, in analyses of SFAs with different chain lengths, we only observed significant decreased risk of T2D at high aggregated intakes of short-to medium-chain SFAs with 4-10 carbons (P-trend , 0.001) as well as at high intakes of lauric acid (12:0) (P-trend = 0.003) and myristic acid (14:0) (P-trend , 0.001). In contrast, high intakes of SFAs with a longer chain length, palmitic acid (16:0) (P-trend = 0.10) and stearic acid (18:0) (P-trend = 0.36), were not associated with T2D. Intakes of MUFAs and PUFAs were not significantly associated with T2D in the full multivariate analysis. Except for an interaction between n-3 PUFA intake and sex (P = 0.046), we did not detect any significant interactions between fat intakes and sex. Men in the highest intake quintile of n-3 PUFAs tended to be at decreased risk (HR: 0.87; 95% CI: 0.74, 1.02; P = 0.08), whereas In subjects who reported that they consumed alcohol during the year before baseline examinations. Mean; 95% CI in parentheses (all such values). 4 Zero consumers; higher categories are quartiles in consumers. the findings for women with highest intakes were rather in the opposite direction (HR: 1.14; 95% CI: 0.97, 1.35; P = 0.12). However, no significant trends across quintiles were seen in men or women (P-trend $ 0.12).
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Food sources of fat and incidence of T2D
We did not observe any significant association between total intake of dairy products (i.e., high fat and low fat) but a lower incidence of T2D with higher total intake of high-fat dairy products (P-trend , 0.001) ( Table 4) , and similar protective associations were seen for both fermented (P-trend = 0.01) and nonfermented (P-trend , 0.001) high-fat dairy products. Decreased risk of T2D was seen with higher intakes of cream (Ptrend = 0.001), butter (P-trend = 0.001), and high-fat fermented milk (P-trend = 0.007) as well as higher intake of cheese in women (P-trend = 0.02, P-interaction with sex = 0.01). Adjusted for age (continuous), sex (when applicable), method version (categorical), season (categorical), and total energy intake (continuous). 3 Adjusted as for the basic model and for the following categorical variables: leisure-time physical activity, smoking, alcohol intake, and education. 4 Adjusted as for the basic model and for the following categorical variables: leisure-time physical activity, smoking, alcohol intake, education, and BMI (continuous). 
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Although high intake of total low-fat dairy products was associated with increased risk (P-trend = 0.01), this association was NS when intakes of low-and high-fat dairy products were mutually adjusted (P-trend = 0.18), whereas the protective association with high-fat dairy products remained significant (P-trend = 0.003). Furthermore, the association with low-fat dairy products also disappeared after adjustment for protein intake (P-trend = 0.37); similar observations were made for lowfat nonfermented milk. Results regarding high-fat dairy products remained unchanged. High intakes of meats, both low-fat (Ptrend , 0.001) and high-fat (P-trend = 0.04) meat and meat products, were associated with increased risk of T2D. Increased risk seemed mainly driven by intakes of low-fat nonprocessed red meat (P-trend , 0.001) and high-fat processed meat products (P-trend = 0.01). Finally and similarly to what has previously been reported after analyses with shorter follow-up time in the MDC cohort (33), high egg intake was associated with increased risk. All observed associations remained virtually unchanged after additional adjustments for dietary change in the past. A post hoc analysis indicated that intakes of several nondairy foods tended to differ significantly across intake quintiles of cream and high-fat fermented milk; decreased intakes of both sugar-sweetened beverages and fiber-rich bread and cereals were, for example, seen across quintiles (Supplemental Table  2 ). However, adjustment for dietary intakes (fiber, sucrose, calcium, vitamin D, magnesium, meat, fruit and vegetables, or sugar-sweetened beverages) did not substantially affect any of our observed associations. Except for the interaction between cheese intake and sex [also reflected in the interaction between intake of high-fat fermented dairy products and sex (P = 0.01)], we did not observe any significant interactions between any other examined food intakes and sex.
Statistical models without BMI
Overall, statistical models without BMI did not substantially change our observations. However, inverse associations between several of the high-fat dairy foods and T2D were somewhat stronger before adjustment for BMI (i.e., for cream, high-fat fermented milk, and butter). In addition, individuals in the highest quintile of high-fat nonfermented milk tended to be at decreased risk before adjustment for BMI (HR: 0.89; CI: 0.79, 1.00). Moreover, high-fat nonprocessed red meat was significantly associated with increased risk of T2D only before adjustment for BMI (P-trend = 0.01). The inclusion of waist circumference in our statistical models did not substantially affect any results.
Sensitivity analysis
In an analysis excluding individuals who reported less-stable food habits (24% of participants), we did not observe an inverse association between total intake of SFAs and T2D (P-trend = 0.69 in the full multivariate model including BMI). However, Adjusted for age (continuous), sex (when applicable), method version (categorical), season (categorical), and total energy intake (continuous).
3
Adjusted as for the basic model and for the following categorical variables: leisure-time physical activity, smoking, alcohol intake, and education. 4 Adjusted as for the basic model and for the following categorical variables: leisure-time physical activity, smoking, alcohol intake, education, and BMI (continuous).
although decreased risks of T2D at high intakes of SFAs with 4-10 carbons, lauric acid, and myristic acid were no longer significant, tendencies of protective associations were still seen, especially in women (P-trend = 0.09, 0.06, and 0.06, respectively). As concerns specific food sources of fat, the consumption of cream and high-fat fermented milk remained significantly and inversely associated with T2D (P-trend = 0.01), whereas inverse associations with butter became nonsignificant. Observed associations with intakes of different types of meat and meat products remained virtually unchanged. Moreover, an increased incidence of T2D was now seen in individuals in the highest compared with lowest quintiles of n-6 PUFA intake (HR: 1.17; 95% CI: 1.02, 1.35) , and in line with this result, we observed decreased risk in the highest quintile of the ratio between intakes of n-3 and n-6 PUFAs (HR: 0.86; 95% CI: 0.75, 0.99), but no significant trends were seen across quintiles (P-trend = 0.10 and 0.16, respectively).
After the exclusion of individuals who reported less-stable food habits and additional adjustment for protein intake to the full multivariate model, a significant trend of increased risk across intake quintiles of n-6 PUFAs was seen (P-trend = 0.046) as well as a tendency of decreased risk with a higher ratio between intakes of n-3 and n-6 PUFAs (P-trend = 0.07). Finally, after adjustment for protein, we also observed an inverse association between long-chain n-3 PUFAs and T2D (P-trend = 0.04) in men.
The results remained virtually unchanged in analysis that excluded individuals with prevalent cardiovascular disease at baseline. Finally, our observations were similar in normal-weight and overweight individuals.
DISCUSSION
Our main findings were that, in contrast to low-fat dairy products, high intake of high-fat dairy products was associated with decreased incidence of T2D, whereas the consumption of both low-and high-fat meats was associated with increased incidence. Intakes of palmitic and stearic acids did not show significant associations, whereas SFAs with shorter chain lengths were inversely associated with T2D. Although associations with dairy intakes were weaker after the exclusion of individuals with potentially unstable dietary habits, high intakes of cream and high-fat fermented milk, together with cheese in women, were still associated with significantly decreased risk of T2D. In a sensitivity analysis, we also observed increased risk at high n-6 PUFA intake.
SFAs 12-16 are known to have adverse effects on LDLcholesterol concentrations, and even though there is evidence that shows that these SFAs can have beneficial effects on HDL cholesterol, triglycerides, or apolipoprotein A-I (34), a systematic review indicated similar improvements by unsaturated fats (7), and SFAs do not seem to change the ratio between total cholesterol and HDL cholesterol (34) . Nevertheless, findings from observational studies provided a more balanced picture of the role of SFAs in the development of obesity and cardiometabolic diseases, and researchers recognized the value of examining food sources of fat and specific SFAs separately (14, 35) . In a recent report from the European Prospective Investigation into Cancer and Nutrition-InterAct, odd-chained SFAs in plasma phospholipids were positively correlated with intake of dairy products and showed inverse associations with T2D (15) . Similar observations were made in other studies (36, 37) . Also, it was recently concluded, in a meta-analysis, that total dairy intake was inversely associated with risk of T2D (12) . However, in contrast to our findings, the meta-analysis showed protective associations with low-fat dairy. Only one of the included studies reported an inverse association with high-fat dairy products (38) , and high-fat dairy was inversely associated with the metabolic syndrome in another study (39) . Still, all studies could not distinguish between low-and high-fat dairy (13) , studies included different dairy foods (40, 41) , and classifications of low-compared with high-fat products differed. Finally, dairy intake in Sweden is relatively high compared with that in other populations. Dairy is the most important fat source in the MDC cohort and contributes, on average, 30% of total fat intake and 35% of SFA intake in Sweden (27, 42) ; corresponding figures in the United States are 12% and 24% (43) , whereas meat contributes less to fat intake in Sweden (42, 44) . In line with previous findings, in the MDC cohort after a shorter follow-up and in other cohorts (33, 45) , we observed higher risk of T2D for individuals with high-meat diets. Because our observations were independent of the fat content of the meat, compounds such as nitrite, heterocyclic amines, and iron may explain our findings.
Dietary SFAs with shorter chain lengths (4:0-10:0) that indicated protective associations with T2D in this study were mainly found in dairy products. Dairy products are also better sources of lauric acid (12:0) and myristic acid (14:0) than are other important food sources of fat in Sweden (46) . In contrast, palmitic acid (16:0) and stearic acid (18:0), which are abundant in both dairy foods and meat, fish, and eggs, showed null associations with T2D (46) . The importance of dairy fats in the development of T2D is not well understood. Fatty acids reflected in blood and tissue concentrations such as odd-chained SFAs pentadecanoic acid (15:0) and heptadecanoic acid (17:0) (15, 36, 37) , which are also present in fish, and trans palmitoleic acid (trans-16:1n-7), which is a biomarker of dairy fat, showed inverse associations with T2D (47) . Likewise, conjugated LA may have beneficial effects in metabolic disease, but studies have been inconclusive and even suggested adverse effects (48) . A study in mice indicated that butyrate (4:0) may prevent dietinduced insulin resistance (49) . Although SFAs with shorter chains may also promote insulin resistance via mechanisms that lead to inflammatory processes (8) , some experimental studies indicated that SFAs with $16 carbons were more prone to cause insulin resistance (50, 51) . In addition, biomarkers of dairy fat and a food pattern characterized by dairy fat have indicated cross-sectional protective associations with hyperinsulinemia (52, 53) . Future studies need to distinguish whether any SFAs with chain lengths from 4 to 14 carbons may account for any diabetes protective properties or if these properties can be referred to other dairy fats or food-specific characteristics.
Health effects of dairy are most likely the result of a complex interplay between many components. For instance, SFAs in cheese may be less detrimental for serum cholesterol than SFAs in butter (54) . Besides, fermented dairy may affect the gut microbiota composition, which was shown to be altered in individuals with T2D (4), and high intake has been associated with lower risk of T2D (13) . However, we observed inverse associations with high-fat dairy products regardless of fermentation.
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Although sucrose, calcium, vitamin D, and magnesium in dairy may affect insulin secretion, insulin sensitivity, and risk of T2D (55, 56) , adjustment for those intakes did not change our findings. Also, whey proteins showed favorable effects on glucose metabolism (57), but they are not likely to explain differing associations with high-compared with low-fat dairy.
Our observation of increased risk at high n-6 PUFA intake in sensitivity analysis needs cautious interpretation. Some reports suggested that diets with a high ratio between n-3 and n-6 PUFAs may prevent insulin resistance and T2D (58) , which supports our findings, but other reports were inconclusive (18, 59) . High n-6 PUFAs may also improve insulin sensitivity (60) , and blood concentration of LA has been inversely associated with T2D (7) .
Even if fat intake may promote a positive energy balance, and there has been probable evidence for a positive association with body weight from randomized controlled trials, the magnitude of this association is most likely modest (7), and results from longterm prospective studies have been less convincing (61) . Furthermore, there has been evidence that linked high-fat dairy intake to satiety (62) . Nevertheless, BMI adjustments are crucial to minimize confounding by differing food preferences in lean and obese individuals. Besides, misreporting may be of special concern in obese individuals (63) . We observed inverse associations between high-fat dairy intake and T2D regardless of BMI adjustment, and our findings were similar in normal-weight and overweight persons. Because adjustment for waist circumference had an even smaller influence on our results, it is possible that overweight in general (independently of fat distribution) is a more important confounder because of potentially stronger links to food choices and dietary reporting.
A loss of power may have partly explained the weakened associations between high-fat dairy products and T2D and that associations with specific SFAs became nonsignificant when participants who reported unstable food habits were excluded (almost one-fourth of subjects were excluded). Inverse associations with cream and high-fat fermented milk remained significant. Because dietary change was more common in subjects who developed T2D and inversely related to high-fat dairy intake, we also treated the variable as a confounder [i.e., a potential marker of unhealthy dietary habits earlier in life because health reasons were the major cause of dietary change (64) ]. This adjustment did not significantly affect any results.
This study had several strengths. It was a large study with a long follow-up time. Because it was a population-based prospective study, selection bias and reverse causation were minor issues. A main objective of the MDC study was to examine fat intake (65) , and the relative validity for dietary intakes of importance to this study (e.g., total milk correlation coefficient was 0.8) has been well documented (24, 25) . The intake range was wide for most foods (e.g., median high-fat dairy intakes were 1 and 8 portions/d in extreme quintiles). We had extensive information on potential confounders and the possibility to exclude individuals with reported dietary changes in the past. Moreover, we were able to distinguish between low-and high-fat products. High-fat dairy foods could be part of a healthy-lifestyle pattern, and individuals who developed diabetes may have been more prone to adapt a healthy lifestyle, which could have led to observations that reflected reverse causation. However, a counter argument is that our analyses indicated that high-fat dairy intake was associated with unhealthy lifestyle characteristics, and other studies also showed that high-fat dairy is more common in individuals with a lower socioeconomic status (66) . Besides, meat intake was associated with higher rather than lower risk, as would have been expected on the basis of a similar potential for reverse causation. The relatively low validity for some PUFA intakes was a limitation (25) . A lower relative validity in men may have explained that the association with cheese intake was restricted to women and that associations with intakes of specific SFAs were more robust in women. Moreover, an analysis of some plant sources of fat, such as nuts and seeds, was not meaningful because of low intakes. Finally, we could not exclude the occurrence of residual confounding.
In conclusion, our results indicate that analyses of food sources of fat may partially clarify the inconsistent role of dietary fat for risk of T2D. We observed a decreased incidence of T2D at high intake of high-fat dairy products but not of low-fat dairy products. Meat intake was associated with increased risk independently of fat content. Although intake of palmitic acid, which is the mostabundant SFA in both dairy and meat, was not significantly associated with T2D, intakes of SFAs with 4-14 carbons, which are more abundant in dairy than in meat, showed inverse associations with T2D. Our study indicates a protective role of fat from dairy and suggests that dairy fat may also have contributed to previously observed protective associations between dairy intake and T2D.
Of 28,098 participants in the MDC cohort, 1758 incident diabetes cases and 1758 controls are included in the European Prospective Investigation into Cancer and Nutrition InterAct Consortium for the study of genetic factors and gene-lifestyle interactions in regard to incident diabetes. As a large cohort study, the MDC represents a different study design than the case-control study design of the European Prospective Investigation into Cancer and Nutrition InterAct. Dietary data used within the European Prospective Investigation into Cancer and Nutrition InterAct are harmonized between several study centers, and many details in the MDC dietary data used in the current study were lacking in these harmonized data. That is, a different study design, different study size, extensive information on confounding variables, the possibility to exclude individuals with reported dietary change, and uniform dietary data of high relative validity ensured the uniqueness of the current study compared with the pooled analyses that may be performed within the European Prospective Investigation into Cancer and Nutrition InterAct.
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